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(jm Ija CjjpjIui) : Jjfll ua jp! £l ^ 


UJJ^ <Jajuj| Jj al jJ <jJj£j JJAsu (jSaj 4il C_fljC.| (jl 
4_1 j£J| <aUa AiUa \ g J*\l ks-*\ A Vi^ll j\ C_JC. jluJ <jl 

6 1 ^3 4jLujLa!La j 1 ^jj£i 4-^l^)ll ^3 A ix^ail^ j Sl^ill dlljj£-a <]j£ ^j| c ii^c.| 

(ClAj jJjjJl) A W /till AJjLftlLa Cljba-jjud^ ^gic. lgj| jl^J J 6 1 jill C^l a ,1 XM L_DjoJ L-fljC-l ^jl 

al tr*\ k ul a) AiilJa ^Jaju ^jll 42^lxJI L_fl^)C.I (jl 
— — (jjdK jj (J£i tiLujUull A^lJa <Jajuj | jJ Aj jl \£LujI *U jtLa (j-a J 

A 

(Aston) uj^' *AJz (> j^d cJ\ 

Ig nljlS j jl ]qxVi^U <jjjVl 4-ilAs cju>i ^ii j\ 

Jc.Uu]| JbUj (_)j3 A ll£J I C <L)li^l (JjlSJ Jatfllill (Jc-lij ^3 (jl k_fl^)C.| ^jl 


♦ 


♦ 


=S ♦ 

♦ 


(J * Ijill (J^zAa 

m 4 jj,a 3I VISji j jj^aUxll 4 _Jj£J! ^I^c-Vl h^Vn c :> n^j t AjjjVl (J jluba ^Ic- ^jj jA ! ($ Jj^lSl 

X, + t 2 X, -* H 3 + tx 4 


Z, *-1 1 Z, ^*-2 


Ai + A 2 - A 3 + A 4 , 

Zi + Z 2 = Z3 + Z 4 

5.jjja]| ■kc.j jui ; c ‘ (kg) * ' "?• " 4li£ ; m ‘ - t E = m C^ (jAiudjl Si&Uj ( _ s Ja*jj i aJj£]I t . 1^.1 j. SJUall l _gA ; E 4jj&II A^Ua 

• i ] ^ ] v* 

. (Joule) kt&ll AilL ; E ‘ c« 3 x 10 8 ni/s 
(L1J - Ojj&y I) 1 ev = 1,602 X 10' 19 J 
(UJ, - QjjaSlJ Ua-) 1 MeV = 10 6 eV = 1,602 x 10' 13 J 
aJjS j AIL^ ^_9 AL^ail* xij£, * Am ^1^11 

A m =Z xm p + (A - Z ) m n - m v 

X si jjll : mx ‘ ujj 2 : m n ‘ u y : m p : 

E ; = Am c 2 ^kL J) aJjSII J (j-aSjll ^ ; Ej ^W^j' ^kla 
F 

i — _J (j£J t^LujUaiill <sUa ^jc- j\n i3 6 (j£ C^LujUiJ <3Ua ^) n» 1 ; 

A 


. ^SJl : ^ c: 


jljSluuj jj£j SI clul£ IaI£ jjl£I 4iUa]| dJA dul£ Lxl£ 


1 


. A cj! jji j ^WiaI I 11a J1«j ; (Aston) cjj^I 

A 

(jjjljil! ^k Iaa ^)j£l l$_i3 (jjjKjj <J£1 tiLujUull aSLL <jj£jj t Ia^Aa JSjI sIjj <Jj£ju£1 qisIjj aI^j! aja c !, i,hj Jc.IAj jA ; j^Iil ^1 — a^jVI 

^3 Laa ^)j£l o-l^l j (j£ ^3 (j£i AuLCill AiilLlaj i 1 £ 1a <■ L^.1 ^Jl A \ 1 V 1 al^j juiajl A_i3 Cl ih ) (Jc-lAla jlJs^uuVI 

ia\I a I 


; JjuLaJI ^ jjj !\ JjaAJI — 1 

Ajj^ill Clinic- ULa]! ^3 Aj ^Liiill cj^H JjVJl 6 Ljjtaii Cl 0 % } ^ill ^ic- 

* (X C-A a uh'nII A jajail^J Cljj^VI dJji C^j3^)Cj^) i £C3 LaJlIc- 1919 (3^J (JjCSsLa (Jjl 

In + 2 H e -> x lo + Ip 


92 U + \n — » 2 lU : ujj^h 238 jjJt sljj lJcS t A_uUi> CjVj^i? ^ j’ ci*^* cTp^ 


238 


• 1 g la Ajjllii dsVj^lu tifc £fjj 


239 

92 


’£/ -> + > 

2 9 3 Np -> f 4 Pu + > 

P + jl p _ jj (x ^a\\\ l_lu^ AjuJoa SI jl AjuJflAd-A SIjjJ£ - 

AalS£j| JlJ^VI (jli ^juIa jl LuuJa ^jj^ll Jjaa]| <jl£ f I - 

Ai + A 2 = A 3 + A 4 : AjjiJl fl ijVlj 

Zi + z 2 = z 3 + z 4 


; Al&l 4iUa - 2 

AJL2a ^A j 6 Al!i£Jl Aiil )o ^ajuoj A^l—Sa Scl a\I ^1c» ^ i x 2aJ A aCA # aJj^ A^!>\11aI ^joi^ ls^" clA^ ,, ^^ 

Ej = 7TL C 2 '. Ai!>lsJ! qA uVij L-fljju3jill j ^gjb jjflll ^3LaJl A-nj Ia li^ 

(kg) (^aJl : m 

(c«3x 10 8 m/s) c/ <c* : c 

(Joule) : E 

; LaA A^Uall ^jc- u£>l (JL^aII IcA (JaxILuC 

1 eV = 1,602 x 10" 19 J : (eV) JJA ujj^V' - 
1 MeV = 10 6 eV = 1,602 x 10 13 J : (MeV) ujj^! - 

• Jal^S 1 LjuUa ; JU>U 

(1) E = U I At At ^ ^ is* ajxjUII a^Lj^II AiUJI 

(2) Q = I At '. #-^1 (JaUll ^ ojLall Aj^Sj 

(3) E = U Q : gttLA (2) j (1) <> 


2 


J jaJL E uj 1 Q j iljilU U (3) ^ ULxluil jl 

1 eV= 1,602 x 10 19 J :4i-j * 1,602 x 10' 19 C x 1 V = 1 eV 


• ujj^V 1 ^ ^ u : <J^» 

me = 9,1 1 X 10' 31 kg v* ujj^V ^ 
E = m c 2 = 9,1 1 x 10' 31 x (3 x 10 8 ) 2 = 82 x 10' 15 J = 0,51 MeV 

; .j-all jll - 3 

unite de masse atomique : (u.m.a) s^j jUaj t JU^JI I j* Jj£ ^ J-Uij U-o U 

. 1 u = 1,66055 x 10' 27 kg : (u) tjl^aikl ji 


m = 

p 


1,6727 

1,66055 


. 12 C <jjjj£Jt <j* — ^ (u) 4-jj^l JjSII 

12 •• v / * 

= 1,0073 u : * m p = 1,6727 x 10' 27 kg uiijjJi ^ : yi* 

: 4_5-AH£2\ _ 4 


. UJJ^ 1 1 J 1 1 LS^ 4^ 6 n Afa f *\ 

^^kVI (^sLi ^gic. ^3fialj 11 a j 6 Si jill <1 j£ jj£I (jjjj jj 1 1 <1j£ + jjj 1 1 <1j£ j)l Ajj^jII dmj 

Z m p + (A - Z) m n - m x > 0 

^ : m p 

ujjjj 2I Ali£ : mn 

d I ^2 1 ^ 1 i£ * mx 

; 4_lS£ll ^ (jjill IjiA l-iAJj <jj| ^^£1 JUg I^A 

j)l ^gjlc. ^‘iVn <!laJ ^ I jjaLug (jl SjjjjJall dldS^I # JnVi" (j* jjj£ k ^VlVl x> (jjia (__gatdjuiVI (j-a Uj^I 

<1 j)£-aj I V (_gSll AjI^Ic. (j-a (Jjia jjc. Jjld J *^!j ci^ is^ c'^'- g^a C5^ j^j u] • r -\ !j£ jid 

4 rA ^-\ \\ (jdbd (ji 

jl I ”k£ d* \ ^Jl <C«1 *>tl ajiA ^l^i c^lxn^j Jail j (_g.ll dll jd ^£l ? dV_)ldll a^A J£ duA i j)j| 
<c-L<^JI (j^qTnti tiLuj j)jd c ^ jVI o jj£q*i Aij^la ^,1 j (_]£ ^Ic. ^1 <. j (jj^ L^dc. 

1 g >>>» i ^ <£joiLd<4 c1jUj£a]| <aLL ^1 a!j£ 1I (j^Vn <. Si jill ^ djUj2£jill \ Usdc. t, ?, o^j liA 

^ jjlj AjMII <jjudll (5 jloiA (ja IjJ (^aJaxu Vj I.AA Lo dila) E = A m C 2 ! *t^jUll <3llall 

; Si jj!\ tiluji-AJ A^Ua - 5 

Jajoa jll Ia jSjJ ( _ 5 Iill <allall ^>^.1 # Si jill A*il a ) (jxdaJ ^^1 j dc. dU j2£ jill Jj£ (jxi 4 : i» nx>ll <allall ( _^A 

; SjUsJU AiUall 6^A (_g JaxJ # Si ^ill <£joiLd<i j I g Jax J j)C. dU j2£ ^ill (Jj^aSil (^g-^jldl! 

E i = (Zm p + (A-Z) m n - m x ) c 2 

uAsj^' ^ : m p 
ujjjj^' ^ : m n 

Si jill <1 j£ ; mx 
udl dlili^ ^1 jill (_^3 ^.jjJall <C- jjuj ] C 
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]h i 4_ A£Ua (Jal Si 

l * x >»» J (jc. dlU jjK U il 


Aj£Luj j al^lll 


•P 




<j£Lai ^gA j diU j^K 


uj >> (A - Z) j qAs j* Z 
si jill ^ U«JI 4iS 


SJjilo CjU jJ£ jill 

ujj^ (A — Z) j uj^jj^ Z ^ <U*JI 4i& 


E — A m c 2 -j A-UaJI AiUa ^b jia 4 A m A1&3I ^b jj 
. A m < 0 uV 6 E = \Am\c 2 aSILII ^a£j jUJI -UujjII (jb t s j^JI UiUjjKjJI <j* UUjI Si ^ill (J£jaijj UaIc. jA ji^» II j 


0£1' u^jj^' si > ^ m n = 1, 6750 x 1 0“ 27 kg ujJ^ ^ j m = 1, 6727 x 1 0“ 27 kg ojSjjJI ^ ^ : Jli» 


-27 i 


£,=( 


m p + m n - m x 


. I^a sljj c^LjUj AilL c-jjoi^ l . ^ = 3,3435x10 27 kg : \H 
)c 2 = 37,8x 10 14 / = 2,36MeV : ^L? ojj^jAj ujajj^ C 5^ 

; <j jaK jj j£i iiLuuLuil AiLla — 5 

JJ 

(_]£ El AjjlJall (jl jUc-l <al b\i aUj t Sljjll (j-ci JlsJj i^lAl IgJU (j*U } C5^ 4^1 la] I (jVI ^)/l* *i 

A 


# si jill CjU jJ£ jill 


jKl SI Jilt dul£ UK jKI SI jilt ^ ojaK jj j£J dlujUIll AiUa dul£ UK 

. jljHy.1 


Si jl (jl ^C-_j 6 Jj^laJl Si tiLoaUj A£lla (j-a ^)j£l a S i c4 x ul xn Aiilla (JlUll (JdJjud (J j,AaJl 4_Ajbll ^Jl U^)laj j\ 

Si (jjdK^j (J£l tiLujUill AiUa (j-a ^)KI ^J^-ll Si jj ^ (_K^ ciLujUill <3Ua ^jV ^ Jjjl^jjll sl^j (j-a ^l^iiLoil j5£l ^AiJI 

^^jjl^^lll 


SljjH 

> 

\H 


\He 

2 He 

^ Li 

]Li 

56 Fe 

26 1 e 

23&JJ 

92 ^ 

Ei (MeV) 

0 

2,30 

8,49 

6,66 

28,28 

32,10 

38,85 

492,24 

1801,66 

E (Me V) 

ZjL 

0 

1,15 

2,83 

2,22 

7,07 

5,35 

5,55 

8,79 

7,57 


JaAJ <JjjVI fiU CjUuI JjUj U IU j 6 1^ j±& jljalujl djb Si Jj ^)Xx-ai ^_^A 2 He f Jj'jg 'I fil ji (jt (J J>^?3l ; 4K^U 

. 3 Li jl ^He cJb <jjj| ciix-uj Vj t a ^U^yi 

AJa j JjV ^ . b^juj ^ (JjZU 4 c5^-*^l I ^ ^ JU. AJjIc. Ul 8 ^^joJI l g I ^a aa^.1 AJjIc. ; JILaII 1-iA liLil 

Ul i bjfl 1 1 ^a -Ia^.1 AJjIc. jljal (jl cil] ciiis ^ (j^^jjoi (. aK (j^l . JLu AUtc. ^h^I cJUJI S^jjollq Aa^.1 A3jU (jl 

U Ua j i Aa^.1 AIjIc. ^ ijx«Vi (j-d ^>^1 ^jj^aj AJjIc. (J£ (jV ‘^l^) UU >># ^^^1 3 AAjIc. ^I^al 

I jl jilLujI jii^l ^3U AJjIc. (Jxaj 


4 


(Aston) - 7 


Aills ^ i jSIu^aJ! AjjjVI 

(UjLu^. 8 MeV 


E 

— (_$\ i (J£J c^\ tuLoIill <iLla <Loj 3 a^tc- (J^ixjjaij 

v4 


dI^II (j-a Qj3£^j ^3^ A^a^Ail Aill3a]| (JlLoJ 
A ^gjj£Jl 4JV»lJ AiUall a3b ClA^iiu <jjlJ ^ W ix> 

8,7 MeV La uj^j^ 3^1 j! "LaLL <3^3* l$ < jLgi uj^' i 3 1<s ^ : 50 < A < 75 

^l^iiLujI oIa . 8,7 MeV *3ajuj jIaII 1 (jj3 £ ^ 3^ ciLudLaj AiUa <A\a) 3^ >31 13b 

. 56 63 Wiu 3* 

E 

( — — < 8 MeV) Aiiia 4jjj| c^j ‘ ^ b'^" ajjjVI (J^Ijj 3L^3 13b t A ^ 3 jJ 3 La.Vic. ^Ja±j ^c.1 x^alj ^jU3l ; A > 100 

A 

g 

. — - < 8 MeV uV (Aiiik <jjjl) s jiioui jjc. 3W-31 ^ : 1 < A < 20 



A U-vM a 

'" Ij^k t 4_lLuj|j <3 j 3 (JjIjojI jl j^J Ajjjl *1> J 6 (A»jj33l 6^ j>.j3l <J^jVl) Aj»jjl3l Aj^jVI Jaia (jj u.i ^gic. Jj 

< a jg,\ < L-> i ^\ L^_i^ ojikVl o A*, (jl 


5 



: jjill jrUjjVt — 8 

(jjJA <a lLall ^2 La-a ^joilSoi (J£i Jaljj^jl Ailia Li_l b\ji l ~^- ^ ijj ^jl ~ ^ ■ go ^3 iij 

(Jlla 

2 hT* 





'He 



1 H + ;// 


;He + 0 « 


• 17 MeV gJIj 2 - <> J&liill ILa ^ s jjiLUl Ailkll 

1^2 

<alL,> jjSI SI jilt J£1 dU-5ll *aL 

(o^iJj^J! ^kil) L 1 7 - ^ jjjl ^3 liLuUull 



« 


,7/ 



: csjjil! jUauuVt - 9 

(LUajui) ^glc- (J JJ^aaJ <liSJ 4 j^j| CAjjjJ jdill J^uUjujJ 

4 j\^y \l dJIA UJ^P ^ ^ ' L . \ u “ . S^JojuUaI! (j-a L. ft^ki 

AjjjVI £>a jSUjj ^ UjIj^)££ ^nu^ll (jl jA 

6 ^jajuILa]| a I ^<4 j| jSU ^j£I qj^J ^^ajouVl (jc« A Vit ill Aj^jVI 

: 


235 t j . 1 v 94 o . 140 v- , r, l 

92U + 0 n -> 3S Sr + 5 /±Xe + 2 0 ^2 



s-Uac-V jl l ^ ^ i(^^H 6 ^H 6 jH JS-) AijiaJl Aj^jV) j — 
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jjj SiUall - 10 

(jj£j (ji (j^jj ‘ CjUu-ia. ji ^ijji X uj& J A ‘ 2| Xj + ^ X 2 — > 23 X 3 + ^ X 4 : 

; (jli t 4_^.l^)]| y\_^. ^ £>i& j lIjLgAjoI^JI 

y4 cjlilkll j c_ijia gJ 21&1! CilSlL £^aj t m jC 2 + E cl + m 2 c 2 + is c 2 = m 3 c 2 + E c3 + to 4 c 2 + E c 4 

[(m 1 +m 2 )-(m 3 +m 4 )]c 2 =(E c3 +E c4 )-(E c 1 +E c2 ) : >Vl 
[(wj +m 2 )-(m 3 + to 4 )] = -Am (Delta) A 

(£ c3 + j & c4 )-(£ c ,+ j B c2 ) = A j B c u 
(1) Amc 2 =-AE C 

(j jjill ^ (jl t Ag c , < 0 (J! l£Ajm t Cj^lc-lalftll <tSS j-d jj£ ] ^ 1 jil! <li£ 6 Am > 0 • 

. *]£ *51L JI 4^ jaJl mil 

iS jjd\ Jjaall I^A g-i ji 6 Ag c >0 j c^j 6 Cj^lc-lalftll 4l& ^ gj| jill 4l& 6 Am < 0 li) • 

4_l£^p. <iUa ClAj^l 

Elib = (wij — m { ) C 2 tjA Jj^i y4 AflUall 

(cl^lc-lilall (Jj£ 4 tifll ; //2/ 

(Jj£ 4_ijlg_i]| 4 VK\1 ; //2y 

(Qlllfcl dulj) ^3 Q 

6 4iUa]| ; Ejib 

• 4ja^^U 

? m = 1 w = 1,66055 x 10 27 kg VW 01 4 Jj£ 3I 4iUa ^ L> ? 1 t/ 4 _^jU 3! <alkll ^ La 

; uj) jaJl 

E = me 2 = 1, 66055 x 10 -27 x ( 2 , 9977 x 10 8 ) 2 = 14,9220 x 10 “ n J 

1 4 Q?9 y 1 O -11 

E = — — * 93 1, 5 MeV : (Me V) Uja jj J3S1JM' J! «OJ» ^ J>j 

l,602xl0“ 13 

; c_u£j _ c 4 931,5 MeV E 4^Uall lUa jc.j ^ 1 u m 4 J 2 SH lUajc. lij 

1m =931,5 MeV / c 2 

MeV/c 2 ‘ ^ 1’511 o^j U^.j 

w _j Sj^Li Jj£3I UjJ ^jjSj j 6 ^ 5 jjj <J jaj <al!a3! jl s! jj a"\ 4illa c jl Ui^jc. 

. E = A m c 2 . A in = 1 ,3 u 

A4pV o o 

. E =1,3x931,5 — — xc 2 =1,3x931,5 MeF u3' ‘ l,3w = 1,3x931, 5Mev /c 2 Mj 

c 2 

931,5 JixJl n j SjjLo AJlISJ) Lj^iaj MeV Sj^ib-a SjJLq Aillail ljLuu^ UJjI |jj ^jU3bj 
. m/s -i S ji3l f >ua3l j*ja qja ^ kg -^W S j&a AilSJl lj j-ua3 Joule S Ujjl I j) Ul 
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1 <J&» 


2 92 U + in -> ^gCe + 34 Se + 3<Jn : J^i ^ sj>-« ^ ' 

m n = 1,009 u ‘ mu = 235,044 u ‘ ms e = 83,918 u ‘ m c e = 148,928 u : cjUL**]) 

(2) Ei ib = ( m; - m f ) c 2 : cM 

mf = (m ce + m se + 3 m n ) = 148,928 + 83,918 +3 x 1,009= 235,873 u 
m; = (mu + m n )= 235,044 + 1,009 = 236,053 u 
m; - irif = 236,053 -235,873 = 0,18 u 

Eiib = 0,18 x 931,5 = 167,7 MeY : (2) *£*-11 ^ 


2 JH* 

2 ggRa -» 2 gRn + 2 He : jaiaii ^ s Jja o-n 4 Sl_U! 

m He = 4,001 u ‘ m Rn = 221,970 u ‘ m Ra = 225,977 u ; cjLJa*^lt 

Ebb = ( m; - m f ) c 2 : iM 
mf = (m r„ + m He ) = 221,970 + 4,001 = 225,971 u 
mi = m Ra = 225,977 u 
mi— m f = 225,977-225,971 =6 x 10“ 3 u 
Eiib = 6 x 10 3 x 931,5 = 5,6 MeV : 

(iLduLtH) CjlilSa Al iuiljj E|j| } (jf* 

2 ^U + in -» ^gCe + 34 Se + 3,Jn E, j E Hb u* j4jV 

(3) Ebb = (m u - m ce - m Se - 2 m n ) c 2 
E 

m Ce = 58m p +9lm n ‘ Ei= (58 m p + 91 m n - m Ce ) c 2 : ^ Ce »'jj liL-Ui <aLL 


£ 

m Se =34m +50m n 1 -^~ : jlalt 


c 

Ei u 


m u =92m p +\43m n - 2 


Eiib —E[ Ce + E[ ^ E[ u ; .laJ (3) ^k Jj£1I oIa 


P ^c, l£ j **- j J <jl£ lil (JjILj V 4351x11 aiA ; 4la^5La 


E m = E ,f~ E ii 


: ls> 


; AjuJall ^ AjujVI - \\ 

^ s-UL ^jII ojill ^A ; all Sj3 — 1 

{^y ajl \1 ^jCr ^A j t filjjll C5^] Sj^ll S^ll — 2 

c^Utixt 1 ^A | S^J^Ludll — 3 

(AjljouJI ) Si jill c t inxn ^31 S j£3 I ^_^A ; <iixjJall AjjjiSI Sjlll — 4 


